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(54) Process for coating stents 



(57) A process is provided for coating stents 

having a first and second surface with passages there 
between to avoid blockage and bridging of the passages. 
The process comprises contacting the stent with a 
liquid coating solution containing a film forming 



biocompatible polymer under conditions suitable to 
allow the film forming biocompatible polymer to coat at 
least one surface of the stent while maintaining a 
fluid flow through said passages sufficient prevent the 
film forming biocompatible polymer from substantially 
blocking said passages. Also described are stents 
coated by this process. 
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Description 



Field of the Invention 

Eh 1 * , T . his . a PP |icati °" cl^s ^ benefit from U.S. Provisional Application No. 60/91,217 filed June 30 1998 
which is hereby incorporated by reference herein. The invention relates generally to a process for coatina su aicai 
devices. More specifically this invention relates to an improved process for coating stente and I thele 9 9 

Background of the Invention 

nlnSnr^tf 6 "! 5, ^ 3 ? 9e ?'^ ° pen tubular structures, have become increasingly important in medical 
*° restore the fur \ ct,on of bod y '^ens. Stents are now commonly used in translumenial procedures such as 

£2 rt u^in V eSt T an ad6qUate bl00d flow t0 the heart However ' ***** may ^utalTtorrtSn^^SSnl 
that result in thrombos.8 or restenosis. To avoid these complications a variety of stent GGtfmi^LS! 
have been proposed in the literature both to reduce the incidence of these complications or lfr complications and 
restore tissue function by .tself or by delivering therapeutic compound to the lumen complications and 

'SJ^^SlSLSS 6 ™^ V C ° ated by SimP ' e dip ° r Spray Coatin 9 of the stenf wj * P o| V^ or "polymer " 
and a pharmaceutical/therapeutic agent or drug. These methods are acceptable for early stent designs that were of 
open construction fabricated from wires (Wiktor stent ) or from ribbons (Gianturco) D p coatin SreteS tow 
coating weights (about 4% polymer) could successfully coat such stents without an/prob ems such aTexcess coa inn 

D Scu| 9 ar ( con?; min r 7*°** *' ° pen SpaCe between structural membSffSSSS ThVbriSngTof 
Crown MuJinror W ^xTnL 9 mo ^ e mod f" stente are of less open construction, such as the Palma? Schatf 
m^Lvln I 5 S Hu te - Br,d9m9 of the °P en s P ace (s'ote) is undesirable because it can interfere with the 

mechamcal performance of the stent, such as expansion during deployment in a vessel lumen Bridoes mlTunt ,! 
upon expansion and provide sites that activate platelet deposition by creai 5™ ^ disturbances i *the ^a£em 

the open slots may also prevent endothel.al cell migration complicating the endothelial cell encapsulation of the stent 
the nl^ tT y ' SP , r ?K C °f nQ C8n be P roblema tic in that there is a significant amount of spray lost during 
n a E nd many ° f the Pharmaceutical agents that one would like to incorporate in the device are quite costil 
In addition in some cases it would be desirable to provide coated stents with high levels o ^coatina and dmn Hinh 

SSSSSffSKSoS^^i^ ■r*^H V, ? lh «f ,l ? ,,i0n,,, dm9) are the Prefe ^ d Sns to achSfSg^ drug load^g 
Multiple dip-coating has been descnbed in the literature as a means to build thicker coatinqs on the stent However 

o°™S° n H and Ph t aS f diSperSi ° n ° f the Pharmaceutical agents affect sustained release 7n addition te aSSon 
of multiple dip coats from low concentration solutions often has the effect of reaching a limrtinq loadlnq fevel as 

;;,s:,;siSe;r o " c ™ and - — * WJK'ss 

Summary of the Invention 

S°ft?nt «, lrf ^L h T e discovered a P rocess for coa «ng stents that avoids bridging and allows for preferential coating 
Z^L r *f Pr °. CeSS com P" ses contacting a stent having a first and second surface with passaqes there 

f QU C . atln9 S °' Uti0n COntainins a film formin9 biocompatible polymer under conditions sSttab e to 
aHow the film forming biocompatible polymer to coat at least one surface of the stent whiirmaltaininq a 

IZ pSges 5 PaSSa96S SUffident t0 Pr6Vent f " m f ° rming biocom P a ^le P^f^SlS^t^ 

iS 6 Lvinn ln a ^^ ef !nH d emb ° dime ( nt of *? P resent inven «on ^e coating process would comprise placing a tubular 
m^HrJT ?k ! Pd SSCOnd SUrface ^ passages there between on a mandrel and contacting the stent and 

ass xsvz sts 

10007] In another embodiment of the present invention there is provided a coated stent comorisino a tubular 

SerThLinme SLXZSS"** f JE""?" there betWeen ' coated wrth a llMJ^mSS! 

* W6i9ht °<» a " a * d — - * 9 e passages are 

Brief Description of the f ,g„r^ 

[0008] Figure 1 illustrates a perspective view of a stent prior to coating 

E F j? Ure 2 1 3 I perspective view th at illustrates the placement of a stent on a mandrel prior to coating 

^b^^i^Sr^ of the stent relative ,0 the mandrel in the after removal from the 

bridging of t^Zt^Z " * ^ " ^ ^ ^ that *' ^"i 3 ' 3bSenCe ° f 

[0012] Figure 5 is a pictomicrograph that illustrates a stent that has been coated by conventional dip coating 
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w*^vrrjE£ss?:?E»i . — «- «- *« — - - — 

process with about a 13 weight percent coating solution. 

[0014] Figure 7 is a graphical illustration of the in vitro release profile of a coated stent 
[001 5] Figure 8 is a graphical illustration of the in vivo release profile of a coated stent. 

Detailed Description 

rooiei The present invention provides a process for coating medical devices. The process described herein is 

the coating of perforated structures such as stents. Bndging is a significant problem wrth ' Jwjjwj JESS 
with a minor dimension less than about 125 mils, especially with passages having a minor d.mens,on smaller than 

mmmmmmm 

oS sSeK* M through the passages and thereby avoid the formatdn dl blockages or bndges. 

S T." embodimepl of the preseh. invention as ilusir.ted ih Pipe.. 2. a *^ CM. £ ™nM 

the coating is still wet, the movement of the stent along the mandrels length clears the 'Passages (slots) iu wn.cn 

mmmmmmm 

Sable and I rmsl hi Incompatible to minimize irritation to the vessel wal The polymer may be Mte b»sttWe 

S"'^ l»"t.m.fo.mlng bioabsorbable polymers that could be used include polymers selected from the group 
po&Tincfude and copolymers of lactide (which includes lacbc acd d-,1- and meso 
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t-Qpo^esierretners described in Journal of Biomatenals Research. Vol 22 Daoes 993-1009 iqar h» r n hn a „j v«, „IZ 
and Cohn, Polymer Preprints (ACS Division of Polymer Chernistry) ^3^1) pag 49 ?989 (e a PEO^f 
ez^Kn^n^ 3 ' 3te H ^n h c e ,^ rp ° Se 0f this inven * on include Pate * Nos. 4 2O8.5T4 141 087 4 ?30 639 4^0 

mmmmmm 

KL- ? film - formin 9 biosta b'e polymers with relatively low chronic tissue response such as 
S°n2 ho P ° ly T er L 3 US6 u f ° r C ° atin9s must be film " f o^'ng Polymers that have molecular weight high enouoh as 

wmmmmmmm 

Sc oolvSer P e lSoml C |n at T * *" apP ' iCati ° n are ««>abeorbabte elastomers, more preferably 
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carbonate and lactide including L-lactide, D-lactide, blends thereof or lactic acid copolymers (preferably having a 
mole ratio of trimethylene carbonate to lactide of from about 30:70 to about 70:30) and blends thereof. As is swel 
known in the art these aliphatic polyester copolymers have different hydrolysis rates, therefore, the choice of 
elastomer may in part be based on the requirements for the coatings adsorption. For example e-caprolactone-co- 
glycolide copolymer (45:55 mole percent, respectively) films lose 90% of their initial strength after 2 weeks in 
simulated physiological buffer whereas the s-caprolactone-co-lactide copolymers (40:60 mole percent, respectively) 
foses all of te strength between 12 and 16 weeks in the same buffer. Mixtures of the fast hydrolyzing and slow 
hydrolyzing polymers can be used to adjust the time of strength retention. 

[0026] The preferred bioabsorbable elastomeric polymers should have an inherent viscosity of from about 1 .0 dL/g 
to about 4 dUg preferably an inherent viscosity of from about 1.0 dL/g to about 2 dL/g and most preferably an 
inherent viscosity of from about 1.2 dL/g to about 2 dL/g as determined at 25«C in a 0.1 gram per deciliter (g/dL) 
solution of polymer in hexafluoroisopropanol (HFIP). 

[0027] The solvent is chosen such that there is the proper balance of viscosity, deposition level of the polymer, 
solubility of the pharmaceutical agent, wetting of the stent and evaporation rate of the solvent to properly coat 
the stents In the preferred embodiment, the solvent is chosen such the pharmaceutical agent and the polymer are 
both soluble in the solvent. In some cases, the solvent must be chosen such that the coating polymer is soluble in 
the solvent and such that pharmaceutical agent is dispersed in the polymer solution in the solvent. In that case the 
solvent chosen must be able to suspend small particles of the pharmaceutical agent without causing them to aggregate 
or agglomerate into collections of particles that would clog the slots of the stent when applied. Atthough the goal 
is to dry the solvent completely from the coating during processing, it is a great advantage for the solvent to be 
non-toxic non-carcinogenic and environmentally benign. Mixed solvent systems can also be used to control 
viscosity and evaporation rates. In all cases, the solvent must not react with or inactivate the pharmaceutical agent 
or react with the coating polymer. Preferred solvents include by are not limited to: acetone, N-methylpyrrolidone 
(NMP) dimethyl sulfoxide (DMSO), toluene, methylene chloride, chloroform, 1,1,2-tnchloroethane (TCE) vanous 
freons dioxane, ethyl acetate, tetrahydrofuran (THF), dimethylformamide (DMF), and dimethylacetamide (DMAC). 
[0028] The film-forming biocompatible polymer coatings are generally applied to reduce local turbulence in blood 
flow through the stent, as well as, adverse tissue reactions. The coating may also be used to administer a 
pharmaceutical^ active material to the site of the stents placement. Generally, the amount of polymer coating to be 
placed on the stent will vary with the polymer and the stent design and the desired effect of the coating. As a 
guideline the amount of coating may range from about 0.5 to about 20 as a percent of the total weight o the stent 
after coating and preferably will range from about 1 to about 15 percent. The polymer coatings may be applied in one 
or more coating steps depending on the amount of polymer to be applied. Different polymers may also be used for 
different layers in the stent coating. In fact it is highly advantageous to use a dilute first coating solution as 
primer to promote adhesion of a subsequent coating layers that may contain pharmaceutically active materials. 
[0029] Additionally a top coating can be applied to delay release of the pharmaceutical agent, or they could be 
used as the matrix for the delivery of a different pharmaceutically active material. The amount of top coatings on 
the stent may vary, but will generally be less than about 2000 pg, preferably the amount of top coating will be in 
the range of about 10 ug to about 1700 ug and most preferably in the range of from about 300 pg to about 1600 ug. 
Layering of coating of fast and slow hydrolyzing copolymers can be used to stage release of the drug or to control 
release of different agents placed in different layers. Polymer blends may also be used to control the release rate 
of different agents or to provide desirable balance of coating (i.e. elasticity, toughness etc.) and drug delivery 
characteristics (release profile). Polymers with different solubilities in solvents can be used to build up 
different polymer layers that may be used to deliver different drugs or control the release profile of a drug. For 
example since e-caprolactone-co-lactide elastomers are soluble in ethyl acetate and e-caprolactone-co-glycolide 
elastomers are not soluble in ethyl acetate. A first layer of s-caprolactone-co-glycolide elastomer containing a drug can 
be over coated with s-caprolactone-co-glycolide elastomer using a coating solution made with ethyl acetate as the 
solvent Additionally, different monomer ratios within a copolymer, polymer structure or molecular weigh s may result 
in different solubilities. For example, 45/55 e-caprolactone-co-glycolide at room temperature is soluble in acetone 
whereas a similar molecular weight copolymer of 35/65 e-caprolactone-co-glycolide is substantially insoluble within 
a 4 weight percent solution. The second coating (or multiple additional coatings) can be used as a top coating to 
delay the drug deliver of the drug contained in the first layer. Alternatively, the second layer could contain a 
different drug to provide for sequential drug delivery. Multiple layers of different drugs could be provided by 
alternating layers of first one polymer then the other. As will be readily appreciated by those skilled in the art 
numerous layering approaches can be used to provide the desired drug delivery. 

[0030] The coatings can be used to deliver therapeutic and pharmaceutic agents such as, but not limited to: 
antiproliferative/antimitotic agents including natural products such as vinca alkaloids (i.e. vinblastine, 
vincristine, and vinorelbine), paclitaxel, epidipodophyllotoxins (i.e. etoposide, teniposide), antibiotics 
(dactinomycin (actinomycin D) daunorubicin, doxorubicin and idarubicin), anthracyclines, mitoxantrone, bleomycins 
plicamycin (mithramycin) and mitomycin, enzymes (L-asparaginase which systemically metabohzes L-asparagine and 
deprives cells which don't have the capacity to synthesee their own asparagine); antiproliferative/antimitotic 
alkylating agents such as nitrogen mustards(mechlorethamine, cyclophosphamide and analogs, melphalan, 
chlorambucil) ethylenimines and methylmelamines (hexamethylmelamine and thiotepa), alkyl sulfonates-busulfan, 
nirtosoureas (carmustine (BCNU) and analogs, streptozocin),trazenes - dacarbaz.nine (DTJC) 
antiproliferative/antimitotic antimetabolites such as folic acid analogs (methotrexate) pyrimid.ne analogs 
(fluorouracil. floxuridine, and cytarabine), purine analogs and related inhibitors (mercaptopunne, th'°9ua n ' ne ' 
pentostatin and 2-chlorodeoxyadenosine{cladribine}) ; platinum coordination complexes (cisplatin, carboplatin), 
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procarbazine, hydroxyurea, mitotane, aminoglutethimide; hormones (i.e.estrogen); Anticoaglants (heparin, synthetic 
heparin salts and other inhibitors of thrombin); fibrinolytic agents (such as tissue plasminogen' activator 
streptokinase and urokinase); antiplatelet:(aspirin, dipyridamole, ticlopidine, clopidogrel, abciximab) ! 
antimigratory; antisecretory (breveldin); antiinflammatory: such as adrenocortical steroids (Cortisol cortisone' 
fludrocortisone, prednisone, prednisolone, 6a-methylprednisolone, triamcinolone, betamethasone and 
dexamethasone), non-steroidal agents (salicylic acid derivatives i.e. aspirin; para-aminophenol derivatives ie 
acetominophen; Indole and indene acetic acids (indomethacin, sulindac, and etodalac), heteroaryl acetic acids 
(tolmetm, diclofenac, and ketorolac), arylpropionic acids (ibuprofen and derivatives), anthranilic acids (mefenamic 
acid, and meclofenamic acid), enolic acids (piroxicam, tenoxicam, phenylbutazone, and oxyphenthatrazone) 
nabumetone, gold compounds (auranofin, aurothioglucose, gold sodium thiomalate); immunosuppressive' 
(cyclosponne, tacrolimus (FK-506), sirolimus (rapamycin), azathioprine, mycophenolate mofetil); Angiogenic- 
vascular endothelial growth factor (VEGF), fibroblast growth factor (FGF); nitric oxide donors; anti-sense olgio 
nucleotides and combinations thereof. 

[0031] Coating may be formulated by mixing one or more therapeutic agents with the coating polymers in a coating 
mixture^ The therapeutic agent may be present as a liquid, a finely divided solid, or any other appropriate physical 
form. Optionally, the mixture may include one or more additives, e.g., nontoxic auxiliary substances such as 
diluents, earners, excipients, stabilizers or the like. Other suitable additives may be formulated with_the_polymer 
and pharmaceutical^ active agent or compound. For example hydrophilic polymers selected from the previously " 
described lists of biocompatible film forming polymers may be added to a biocompatible hydrophobic coating to modify 
the release profile (or a hydrophobic polymer may be added to a hydrophilic coating to modify the release profile) 
One example would be adding a hydrophilic polymer selected from the group consisting of polyethylene oxide 
polyvinyl pyrrolidone, polyethylene glycol, carboxylmethyl cellulose, hydroxymethyl cellulose and combination 
thereof to an aliphatic polyester coating to modify the release profile. Appropriate relative amounts can be 
determined by monitoring the in vitro and/or in vivo release profiles for the therapeutic agents. 

[0032] The best conditions for the coating application are when the polymer and pharmaceutic agent have a 
common solvent This provides a wet coating that is a true solution. Less desirable, yet still usable are coatings 
that contain the pharmaceutic as a solid dispersion in a solution of the polymer in solvent Under the dispersion 
conditions, care must be taken to ensure that the particle size of the dispersed pharmaceutical powder both the 
primary powder size and its aggregates and agglomerates, is small enough not to cause an irregular- coating surface 
or to clog the slots of the stent that we need to keep coating-free. In cases where a dispersion is applied to the 
stent and we want to improve the smoothness of the coating surface or ensure that all particles of the drug are 
fully encapsulated in the polymer, or in cases where we may want to slow the release rate of the drug deposited 
either from dispersion or solution, we can apply a clear (polymer only) top coat of the same polymer used to 
provide sustained release of the drug or another polymer that further restricts the diffusion of the drug out of the 
coating. The top coat can be applied by dip coating with mandrel as previously described or by spray coating (loss 
of coating during spray application is less problematic for the clear topcoat since the costly drug is not included) 
. Dip coating of the top coat can be problematic if the drug is more soluble in the coating solvent than the polymer 
and the clear coating redissolves previously deposited drug. The time spent in the dip bath may need to be limited 
so that the drug is not extracted out into the drug-free bath. Drying should be rapid so that the previously 
deposited drug does not completely diffuse into the topcoat. 

[0033] The amount of therapeutic agent will be dependent upon the particular drug employed and medical 
S 0 ^?" be,ng treated Typically, the amount of drug represents about 0.001% to about 70%, more typically about 
0.001 % to about 60%, most typically about 0.001% to about 45% by weight of the coating. 

[0034] The quantity and type of polymers employed in the coating layer containing the pharmaceutic agent will 
vary depending on the release profile desired and the amount of drug employed. The product may contain blends of the 
same or different polymers having different molecular weights to provide the desired release profile or consistency 
to a given formulation. 7 

[0035] Absorbable polymers upon contact with body fluids including blood or the like, undergoes gradual 
degradation (mainly through hydrolysis) with concomitant release of the dispersed drug for a sustained or extended 
period (as compared to the release from an isotonic saline solution). Nonabsorbable and absorbable polymers may 
release dispersed drug by diffusion. This can result in prolonged delivery (over, say 1 to 2,000 hours, preferably 2 
to 800 hours) of effective amounts (say, 0.001 ug/cm 2 a-min to 100 ug/cm 2 a-min) 0 f the drug. The dosage can be 
tailored to the subject being treated, the severity of the affliction, the judgment of the prescribing physician, and the 

[0036] Individual formulations of drugs and polymers may be tested in appropriate in vitro and in vivo models to 
achieve the desired drug release profiles. For example, a drug could be formulated with a polymer (or blend) coated 
on a stent and placed in an agitated or circulating fluid system (such as PBS 4% bovine albumin) Samples of the 
circulating fluid could be taken to determine the release profile (such as by HPLC). The release of a pharmaceutical 
compound from a stent coating into the interior wall of a lumen could be modeled in appropriate porcine system The 
drug release profile could then be monitored by appropriate means such as, by taking samples at specific times and 
assaying the samples for drug concentration (using HPLC to detect drug concentration). Thrombus formation can be 
modeled in animal models using the 111 a In-platelet imaging methods described by Hanson and Harker Proc Natl 
Acad. Sci. USA 85:3184-3188 (1988). Following this or similar procedures, those skilled in the art will be able to 
formulate a variety of stent coating formulations. 
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Example 1 



[0037] An absorbable easterner based on 45:55 ^J^^Z K S^S 3oS 
V of 1.58 (0.1 g/dl in hexafluoroisopropanol[HFIP] at 25'C ^^tST lS ^nthS? rfSeaSSlomSr is described 
and separately fifteen percent (15%) by weight in 1£2*Kh ^"J^SS^U! to increase the dissolution 
in U.S. Patent 5,468.253 incorporated ^^^J^^f* JjSS pharmaceutical agent present. An initial 
rate. The high concentration coating cou'd be for mula Wwtto ™ £ b| from CordiSi a Johnson & 

primer coat of only the polymer ■ put on C ordis P-S 15 3 stent jommerc ra y (Q 81mm) 

Johnson Company) by dip coatngirv the fiv ^ the coatin 9 has a Chan f 
diameter mandrel. The mandrel. ^^^^^S^^SS, This wiping motion applies high shear to 
to dry the stent is moved along the length on the manrMOM ^aVrate forces the coating out through the slots 
the coating trapped between the stent and the ™nd^- The h.gh ^ r £*" r ^£ ~ e coating out of the slots 
cut into the tube from which the stent is formed. Ths wiping ^J e ^ D ^'°^ The prirne coat is about 100 
and keeps them clear. The "primed stent" is allowed I to a. _*y at m 3 e J m n P e a % t ; r 3 e 55 T ? n e ch P ^ 9mm) c , e an mandrel 
micrograms of coating. After 1-2 hours of air diymg. ^^^^St^St can contain about six percent (6%) by 
and dipped into a second, concentrated coat rtrtoa The can be *ugjw 0 [™j£™ g so | Ution . The dip and wipe 
weight drug in addition to about fifteen percent (15%) ^%£_^^^fTlrc vacuum oven (at 30 in 

a^r^fho^^ ™ ° f po,ymer and about 

180 micrograms of drug. 
Example 2 

t 0038, This example describes experiments ^Z^^IX^^ 
ncorporate a bioactive agent in the coating and that the bn«*m agent rat | ins ™ s t b « dj oatjn ' g in tne flve 
primed coat of only the polymer described "Bat^*. ^°i^^*&%&L AnS F*-d as 




"he coated stent was dipped and wipe coated using me manure ?™ . - - ton a e ^ so) solution by the 
1:100 drug: polymer, and 2000 U/ml ^mvben^k^ J^ ne micrograms . coated ' 

method described in Example 1. The HBAC « ! f^^ h "j!^^^W fori standard rabbit whole blood 
stents were sent to North Amencan Science Assocrtes Inc. NorflWDod Ohio USA) to a 

clotting time assay. The assay was performed by placing S.^S^cJ^ (HBAC coated glass tubing). The 15 
plate along with a negative control sample (g ass tubing and yjJ*y^™JS draw of a euthanized rabbit. 
X 150 mm TSA plate was flooded with 35 rrt .^^l™"^ the incubation period, the samples 

Example 3 

l0 040] This example describes experiments that demote the %*£&^^ffigZ££ 
provide coated stent with high coating loading and no ^^^^S^nt of e-caprolactone and 
taken and dip coated into a five percent (5%)^° n amoved and a«ow to air dry for 1-2 hours at 

glycolide copolymer (IV= 158) o£nfaad * i Example 1 The stem ^e^ved a ^ ^ ^ ^ ^ ^ 
room temperature. The coating added to the stem .was aooux m a co so|ubon 

with dry coating film (Figure 5). A second Cordis P-S 153 was dipped ana ™P e free Qf 

containing fifteen percent (15%) polymer as Ascribed in Example L The ^^t was tou Cordjs 
coating and to be loaded with 300 identical, dipping and 

SEcTi ^^^SftW £U -ild on a varie* of stents w«hout 
the adverse effect of bridging the slots. 
Exam ple 4 

[0041] This example demonstrates the differential so.ubjity of 

and efastomeric e -caprolactone and lactide ^^^^Sl^ w£ 4 grams of ethyl acetate. These were 
(45/55, IV=1.5, Tm -62°C) were placed in a flat bo *J 9 ^ <J |a| so|u J on wWl clear po | y mer 
heated to about 50°C on a hot plate with stirring bar over night .The resim was pa. whgn 

on the walls and a W^«*^^^s&T™$ -capToSSone aTd lactide copolymer 

br&«SMi£W^ ~J^O? S roo°;t^ra P ture the solution remained 

clear and uniform. 
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Example 5 

[0042] Multiple Dipping. 



inifallS e -capro,actone and g^colide solution as described in the example 1 The 

Example 6 

Example 7 

Krug rellateS' 6 PreParati ° n ° f *"* M " 9 Vari ° US leve,s of ra ™ cin for *» 

10048] 0.06 gms of Rapamycin was dissolved into 0.8 gms of 15% CAP/GLY solution in 1 1 ? tpf Th* r~..ni,„. 

[0049] 0.015 gms of Rapamycin was dissolved into 0.5 gms of 18% CAP/GLY solution in 1 1 9 Trr tk. , »• 

[0050] 0.028 gms of rapamycin was dissolved into 0.5 gm of 18% CAP/GLY solution in i i 9 tpp ih. r~„i^„ 

[0051] 0.028 gms of rapamycin was dissolved into 0.5 gm of 18% CAP/GLY solution in 1 1 9 tpp Th* r^,,^ 

[0053] 0.06 gms of rapamycin was dissolved into 0 8 am of 15% CAP/i AC Qohitinn inin t/-c -rk 
Example 8 
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of the coating and drug was approximately 450 M g, which contained V ^^^^02^ 
material was also a copolymer of SE fSaR containing' rapamycin. A 
triangles represent data points for stents that had a primer coating _ana a a cQatjng ^ 

primer coating and base coating ( 6 -<?P!° lact ° n ^ Then applied using an ultrasonic 

stent. A top coat of 200 ug (e-caprolactone-co-glycolide 45.55 i mote pereemj waa^ conta f n ; d 24 percent by weight 
spray device. The total weight of the coating anc ^rapamycin was 650-700 pg ^Jg^llnQ containing rapamycin. 
rapamycin. The Xs represent data points for stente ^^^P^SS motepercent) were applied by dip coating the 
The primer coating and base coating (^P^^"^^e°^„^l^nt) wa. hen applied using an ultrasonic 
stent A top coat of 100 ug (e-caprolactone-co-glycolide 45.55 . mole percent, « a | ine 24 nt by weight 

spray device. The total weight of the coating and rap »amyc,n w as * KGOOj P coaX and two top 
rapamycin. The asterisk represents data pointe ^^^SSSa^ mole percent) were applied by dip 
coats. The primer coating and base coating ^^f^^^r 3 ^ mo | e percent) was then applied using an 
coating the stents. Atop coat of 100 pg (ri apr0la ? t0ne ; C H?™vri'n was aoo oximately 550 pg, which contained 33 
uLsonic spray device. The total weight of the ^^^^^S^^^^Mi s-caprolactone-co- 
percent by weight rapamycin. The circles represent data points for stents M«n p pproximate |y 100 M 9 

Pactide (40:60 mole percent). The stents were *en top .coated ^™»*™™*™ C Z by weight rapamycin. 
ofs-caprolactone-co-lactide. The total 15 P ercent by V ° ,Ume at 

[0055] Each stent was placed in a 2.5mL of release mediurn ^ ( | N NOVA™ 3100; 

room temperature) contained in a 13X100 mm cultu^ J jnterval (ranging 

New Brunswick Scientific) at 200 rpm wh l e ™J"^^ 

fromlS minutes to one day) the tubes «^^JJ^J "^ft, S shaker and agitation resumed. A sample was 
ttSSttr 2iSo?Xh S^u^S SU2S and placed in a HPLC via, for determination of 
the rapamycin content by HPLC. wv/ a tprQ Alliance with a PDA 996. This system is 

[0056] The HPLC system used to '^^^^^^^ on a C 18 -reverse phase 
equipped with a photodiode array detector. 20pL of each sample wa ^wrc usjng a mobl|e 

column (Waters Symmetry™ Column: 4.6mm ^ ]?£.^ 2 8 ^^deUver^ at a flow rate of 1.2 mUmin. The column 
phase consisting of acetonitrile/methanol/water (38 34.2 v/v ) d ™y° rapamyc j n had a retention time of 

OOCT] The results from testing the coated stents described above ,s shown ,n Figure 7. 



40 



45 



50 



55 



[0057] 

Example 9 



hxamoie s 

,00*, T he 8 o„ o, m. «. -o - -~£ SSfSoSSET "T. 

rrrorr a o^r^ 



determined 

Experimental Procedure 



[0059] Male Yorkshire pigs weighing were used for these 

mg/kg, IM). ketamine (17mg/kg, IM) and atropme 0.02 rig* i IM). JJJJ^'JSShSla via the endotracheal tube, 
and Placed on flow-by oxygen with 1f5% volatile ^^^^SSaS^S!^ the marginal ear vein; a 20 
Peripheral intravenous access was achieved by marton of a JUW^J ^ ^ ^ montorjng . 
gauge arterial catheter was also placed in the ear to concnuous ° ; . , started on ora | aspirin 325 mg 
[0060] To minimize the chance for clot formation ^^Sl^TmS^Si depth of anesthesia, the right 
per day three days prior to the planned V^^P^^g^^^ used throughout the remainder 
inguinal region was shaved and ^^^J^^SJ^fSS^A the subcutaneous tissues dissected 
of the procedure. A linear incision parallel to the emo ral v ^e's was m a p roxim ally with umbilical tape 

to the level of the artery. After adequate "W"'^^ rt j25i*S arteriotomy was made, and an 8 Fr 
and distally with a 3.0 silk tie for hemcrtm Using JJ administered intravenously after 

sheath inserted in the artery. Heparin ,4,000 u f^^«L5TS2SSd«wIffi» w»i» cxmHnucMMly monttorwi. 
sheath insertion. Electrocardiogram, respiratory pattern, ^J^rJJSS sheath and advanced to the left coronary 
[0061] A hockey stick guiding catheter was inserted v>a the femor a shea an ° a ^ r sterjor radiogram was 
ostium, whereupon left coronary *-^J"t^ arteries measured, in order to 

developed, and the luminal diameters ^^T^^^^ of approximately 1.1 - 1.2:1. Using guide 
size the balloon-stent assembly for ^ .^^^^^^J^^J^i into the lumen of the left anterior 
catheter. support and fluoroscopic guidance, a0.014 1 guid lewe wa s ^vanoe convent ional angioplasty 
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S: a wn. arte,V ' UP ° n C ° mpleti0n ° f Stent in the left artery, the balloon and guidewire were 

S 6 3- 0 s/sl 9 ^ ^ «"«^. »• femora, artery tied proxima.ly 

-J-edtoco.ny ^^^^^^^^ Continuation of anesthesia, were' 

aS^ by overdose of pentobarbital 

carefully dissected free oSoundTnffeLeThf Sen Z M ^ fem 7 ed - B ° th the LAD and LCX «™ 
yJ^Th. arterial tissue was 1*^w£,2E£^ i S£*< *** ° f the afterial tiSSUe and placed in 

US«*c2SS^^ 3 tyPiCal * ^ re ' eaSe CUrVe f0r 3 s,ent ^ insisting of 33% rapamycin in 

Example 10 

Wm E nlT Ple d6SCr w 68 ,he WV ° t6Sting ° f COated s,ents ln a P*™* coronary artery model 

ssl eissasLT ssssas a h ssess , the abi,ity - ° f rapamycin ^<^£Uc^ 

loaded or o^^^c^t^^ SyoSS^I^ v,vo / ourteen da Vs after receiving rapamycin- 
the vessels prepared for hKogical evaluatio^ Lni SSnTr e "than*ed and the coronary arteries removed, 
control metal stents and stentfc^ growth. Through comparison 

growth could be determined P°iymer only, the in vivo ability of rapamycin to prevent neointimal 

iarm^pigs we^gV^^ ^. conditions in anesthetized 

P.O.. qd) and ticlopidine (250 mg p o qd ) to confro chmninTh^ 0 "' *T? S WGre given aspirin < 325 m 9, 
continued daily until sacrifice Anesthesia wa l inA.^SL u ♦ ^bosis; both aspirin and ticlopidine were 
sodium pentobarbital (1 imjk fa »T&^d miiffon^^i i m ) " xy !? 2ine (2 m9/k9 " im > and 
in an asceptically isolated left car^ aitero J^d «ofluorane in oxygen. An 8 Fr sheath was placed 

catheter for coronary angiography or to olace aToi4 i^T^ l ° either an 8 Fr JL 3 5 ouide 

appropriate coronary arteriis. Heparin 150 Sal iw^ ?U JSt JSFZT f " ba,00n deliv ^ of stents to the 
Four experimental groups were employed I) S it^„C , 'ntraprocedurally to prevent acute thrombosis, 
glycolide copolymer (CAP/GLY S' ug nSiSS^^^H^ 0 ^! ^ 45/55 (W/w) ^P^actone 
formulated in CAP/GLY. Stents were deployed in tTcrth the LAD andTofcornnaiv ar? • 1' 166 M9 ra Pamycin/stent 
prior to, during, and immediately after stenting ^ 

4.0 mm) and to obtain measurements for determination of fhl cno,ce ° f bal| oon diameter (3.0, 3.5 or 

the delivery balloon to 8-10 ATM fo 30 se ^Za^r^L^^ 0 ^^ 0 ' Stents were deDl °y ed D X inflating 
final vessel diameter Treafrnen > a oud ? w^e SSSSK was also performed at 14 days post-implantation to obtain 
was blinded as to the freTmem K stents were implanted by an investigator who 

implantation, mmBb^ek^^^^ S^^J^^^ VX given pig ^urteen. days after 
then stored in 10% buffered formalin Perfusion fixed for 10 minutes at 100 mmHg with 10% formalin and 

SoTsec^s"^ 7*** - 9'yool methacryiate. Four 3 - 5 pm thick 

Miner's Elastin stain. H?stomoX^ °" 9 ' ass Slides and P re P ared wrth 

computerized image analysis Individual va^ ohSSf w 1 determ,ned in ea ch section via microscopy and 
section, Merges between t!e^ ^ * the 4 measured 

Table 1. 





Histology 


Anaioaraohv 


Treatment 


intima/Med ia 
ratio 


IntimaiArea 
(mm 2 a) 


% Diameter 
Stenosis 


B/A Ratio 


Metal Control (n=10) 


0.90 ± 0.05 


3.65 ± 0.82 


24.8 ±3.9 1 a 


1.27 + 
0.05 


CAP/GLY (n=8) 


0.91 ± 0.11 


4.15 ±0.23 


38.0 ±4.0 


1.32 ± 
0.04 


CAP/GLY ±32 pg rapamycin 
(n=10) 


0.75 ±0.04 


3.27 + + 0.16 


21.6±3.6 1 a 


1.23 + 
0.03 


" CAP/GLY +166 |jg rapamycin 
(n=8) 

1 . _ : — ■ i- 


0.65 ± 0.04 u a 


2.87 ±0.31 


23.9±2.3 1 a 


1.27 ± 
0.05 


ap<u.U5 from CAP/GLY 

2 ap<0.05 from Metal Control 







All values are mean.+sem. B/A ratio = balloon to artery ratio, an index of the consistency of stent expansion from 
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qroup to group u j • 

[0069] As can be seen in Table 1,' local delivery of rapamycin to injured coronary arteries resulted in i a 
sionrficant (o<0 05) reduction in intima:media ratio in the 166 ug treatment group and a small but non-significant 
reduction in the 32 Z Sment group when compared with the polymer and bare metal control groups. Rapamycin 
SSe from the GAP/GLY coating also resulted in non-signficant dose-related decreases in neomtimal area in 
bo h the 32 ?o and 166 ug treatment groups. The percent diameter stenosis as assessed by angiography was a so 
Sfficanti ^reduced in the' 2 rapamycin treatment groups when compared to the CAP/GLY group afthough the 
Suction in this parameter from the metal control was small and non-signrficant Newrtwjs* mVm 
prettminary 14 day study, these data suggest that local release of rapamycin from a biodegradable hydrophobe polymer 
coating may be capable of limiting the amount of neointimal prolrferation which occurs as a result of stent deployment. 

Example 1 1 

r00701 In the glove box, 100 uL (33 umol) of a 0.33 M stannous octoate solution in toluene, 115 pL (1.2 mmol) of 
diethy ene glycol, 24.6 grams (170 mmol) of L-lactide, and 45.7 grams (400 mmol) of e-caprolactone were transferred 
info a silanized flame dried, two neck, 250 mL round bottom flask equipped with a stamles s steel . mechanical 
stirrer and a nifrogen gas blanket. The reaction flask was placed in an oil bath already set at 190 C and held 
there MeanwhTin the glove box, 62.0 grams (430 mmol) L-lactide were transferred into a flame dried pressure 
e?u^raddr!on funnel The funnel was wrapped wrth heat tape and attached to the second neck of the reaction 
flask Atter 6 hours at 190X the molten L-lactide was added to the reaction flask over 5 minutes^ The reaction was 
continued oveSt or a total reaction time of 24 hours at 190X. The reaction was allowed to cool to room 
temper ovSght The copolymer was isolated from the reaction flask by freezing in liquid nrtrogen and 
breakina the glass Any remaining glass fragments were removed from the copolymer using a bench grinder. The 
cSime was^ ajai .frozen with liquid nitrogen and broken off the mechanical stirring paddle. The ™P**«™* 
ground into a tared glass jar using a Wiley Mill and allowed to warm to room temperature in a vacuum ove i overn ght 
103 ?3 grams of 40*0 poly( e -caprolactone-co-L-lactide) were added to a tared aluminum par i and then > devolved 
under vacuum at 1 10X for 54 hours. 98.7 grams (95.7% by weight) of copolymer were recovered after devolitilization. 

Claims 

1. A method for coating a stent having an outer surface and inner surface with passages between the outer and inner 
surfaces comprising: 

(a) contacting the stent with a liquid coating solution containing a film forming biocompatible polymer 
under conditions suitable to allow the film forming biocompatible polymer to coat at least one surface ot 
the stent; 

(b) before the coating solution dries creating fluid movement out of the passages of the stent sufficient to 
prevent the film forming biocompatible polymer from substantially blocking said passages thereafter; 

(c) drying the stent to provide at least a partially coated stent with a first coating. 

2. The method of claim 1 wherein the stent is contacted with the coating solution by dipping the stent into the 
coating solution or by spraying the coating solution on to the stent. 

3 The method of claim 1 or claim 2 wherein fluid movement is created: by contacting a mandrel with the inner 
surface of It .2 and moving the mandrel relative to the stent to prevent bridges from forming in said 
passages; or by contacting the outer surface of the stent with the inner surface of a tube and moving the tube 
relative to the stent to prevent bridges from forming in said passages. 

4 The method of any of claims 1 to 3 wherein the film forming biocompatible polymer is an aliphatic Polyester, a 
poly(am*o acid), a copoly(ether-ester), a polyalkylene oxalate, a polyamide, a poly(.m.nocarbona e) a 
pofyorthoester, a polyoxaester, a polyamidoester, a polyoxaester containing amido groups, a poly(anhydride), a 
polyphosphazene, a biomolecule or a blend thereof. 

5. The method of claim 4 wherein the film forming polymer is a biocompatible aliphatic polyester, which is 
preferably elastomeric. 

6. The method of claim 5 wherein the biocompatible aliphatic polyester is an elastomeric .copolymer of 

and glycolide, an elastomeric copolymer of s-caprolactone and lactide, an elastomeric C0P^mej °f P-J^none 
and llctide, an elastomeric copolymer of E -caprolactone and p-dioxanone, an elastomeric copolymer of P^xanone 
and trimethylene carbonate, an elastomeric copolymer of trimethylene carbonate and glycolide, an elastomeric 
copolymer of trimethylene carbonate and lactide or blend thereof. 

7. The method of any one of claims 1 to 6 wherein additionally contained in the coating solution is a 
pharmaceutically active compound. 
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an TSSSL a »L1 " thG P har ^ ac t L,t ? ,, y actlve compound is: an antiproliferative/antimitotic agent; 
^m^^-^L^ 1 an antiprorferative/antimitotic alkylating agent; an antiproliferative/antimLtic 
^SS^SS^ an , a fl nt,coa 9 ,ant ' a fibrinolytic agent; an antiplatelet agent; an antimigratory agent 
Z^T^r J T ' 8n ant,,nflammator y a 9 en t; an immunosuppressive agent; an angiogenic agent a nitric 
oxide donor; an ant-sense oligonucleotide or a combination thereof, and is preferably rapamycin. 

9. The method of any one of claims 1 to 8, wherein additionally present is a biocompatble hydrophilic polymer. 

10. The method of any one of claims 1 to 9 wherein after the stent is dried a second coating is applied. 
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FIG. 3 
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FIG. 5 
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FIG. 8 



In Vivo Rapamycin Release 
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